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Abstract 

Introduction: Fowl adenovirus can cause important diseases in chickens such as inclusion body hepatitis, hepatitis 

hydropericardium syndrome, and gizzard erosion and ulceration. Inclusion body hepatitis has been regularly reported from many 

countries. This is the first case report from Turkey, describing an outbreak of inclusion body hepatitis in broiler farms due to fowl 

adenovirus-8b (FAdV-8b). Material and Methods: Broiler flocks with mortality about 10% were visited in Turkey, and 

necropsy was performed on dead birds. Samples were subjected to PCR assay to detect FAdV and other viral pathogens. After 

sequencing, phylogenetic analysis was performed and the nucleotide sequences of hexon genes were compared with the FAdV 

sequences data available in GenBank. Results: Clinical signs such as anorexia, depression, ruffled feathers, huddling, and 

greenish diarrhoea were observed. Mortality started at the 8th day of age and ranged from 10% to 14%. Necropsy showed severe 

hepatitis, jaundice, and pancreatitis. The main necropsy findings included a pale, enlarged, haemorrhagic, and friable liver along 

with swollen and haemorrhagic kidneys and spleen. PCR and sequence analysis revealed the presence of fowl adenovirus 

serotype 8b (FAdV-E). Conclusion: This is the first report on characterisation and the pathological lesions associated with FAdV 

in broilers in Turkey. Our findings suggest that FAdV strains could be an emerging pathogen in Turkish broilers and could 

actively contribute to hepatitis and immunosuppression. 
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Introduction 

Fowl adenoviruses (FAdVs) cause a variety of 

diseases in chickens such as inclusion body hepatitis 

(IBH), hydropericardium hepatitis syndrome (HHS), 

and adenoviral gizzard erosion (AGE), and they lead to 

economic losses all over the world (11, 22, 31). FAdVs 

are non-enveloped double-stranded DNA viruses, 

which belong to the Adenoviridae family (6, 36). 

FAdVs are transmitted vertically and horizontally, but 

the highest titres are found in faeces (4). FAdVs are 

classified into five different species (FAdV-A to 

FAdV-E) due to their molecular structure, and also into 

12 serotypes (FAdV-1 to -8a and 8b to -11), as a result 

of cross-neutralisation tests and melting curve analysis 

(6). At least 12 genotypes were identified within the 

five FAdV species based on the hexon gene sequences 

(11, 33, 34). Recent reports have documented that 

FAdVs involved in IBH are mainly related to species 

D (FAdV-2 and FAdV-11) and E (FAdV-8a and 
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FAdV-8b) (31). FAdV strains responsible for HHS 

identify as species C and belong to FAdV-4. They  

are highly pathogenic to chickens. Species A strain  

FAdV-1 has been isolated from most cases of gizzard 

erosion and ulceration (4).  

Hexon, fibre, and penton are main structural 

proteins of the FAdVs capsid. The hexon gene is 

vulnerable to mutations and is used for serotyping as it 

harbours the major neutralising epitope. PCR using 

different primer sets, which can amplify the various 

regions of the hexon gene, followed by restriction 

enzyme digestion or nucleotide sequencing of the 

products, allows the differentiation of field isolates to 

species and serotypes (13). The combination of PCR 

and high-resolution melting curve analysis has also 

provided an accurate and rapid genotyping technique 

for the identification of FAdV serotypes (33). 

Inactivated and live vaccines are used in some 

countries where FAdVs are endemic and outbreaks of 

the disease are frequent (30, 31). However, commercial 

vaccines are not used against FAdVs in Turkey due to 

lack of knowledge about the disease distribution and 

circulating viruses. 

Although IBH has been reported from clinical 

outbreaks in many countries, there is still a lack of 

information about the occurrence of this disease 

complex in Turkey. To the best of our knowledge, this 

is the first report on an IBH outbreak in Turkish broiler 

flocks. 

Material and Methods 

Farms and collection of samples. Two 

commercial broiler flocks (Ross 308) with sudden 

onset of mortality of about 10% were visited in Aegean 

region of Turkey in spring 2019. Each farm consisted 

of two houses and each house had a capacity of 25,000 

broiler chickens. The birds were reared in a controlled 

housing system. In these units, the production cycle 

lasted about 42–45 days. The houses were routinely 

disinfected between rearing periods, and transport 

tracks were also disinfected before each transfer. All 

entrances were kept under control for biosecurity, 

catered for with a disinfection facility in door 

entrances. Clothes and boots were changed at the 

entrance, and crumble-type feed was used. Wood 

shavings were used as litter material. According to 

information from the farmers, chickens on neither of 

the farms visited were vaccinated against infectious 

bursal disease virus (IBDV), avian metapneumovirus 

(aMPV), or infectious laryngotracheitis virus (ILTV). 

However, birds were vaccinated with live NDV and 

IBV vaccines via spray as well as inactivated NDV by 

the subcutaneous route in the hatchery. 

No clinical cases of such infection had been 

observed at those production sites or broiler 

integrations in the past. The cases investigated in this 

study were seen in one broiler house of each flock of 

which about 2,500 birds showed clinical signs. Young 

(eight days old) broiler chicks were usually found dead 

but were occasionally seen in an extremely depressed 

condition shortly before death. Death occurred within  

a few hours of the initial observation of disease signs. 

Necropsy was performed on 30 chicks which had died 

a short time before. Samples of the liver and spleen 

were taken into sterile cups and brought under 

temperature-controlled conditions to the Department of 

Virology of the Veterinary Faculty of Istanbul 

University-Cerrahpasa.  

Nucleic acid extraction and reverse 

transcription. Tissue samples were ground and 

homogenised in phosphate-buffered saline (PBS;  

0.1 M, pH 7.2). Viral DNA was extracted from tissue 

homogenates to detect FAdVs using a PureLink 

genomic DNA Mini Kit (Invitrogen, Carlsbad, CA, 

USA). To detect other viruses, RNA was extracted 

from samples with the use of Pure Link RNA mini kits 

(Invitrogen) according to the manufacturer’s 

instructions. RNA was eluted in 30 µL of elution buffer 

and stored at −20°C until further use. Reverse 

transcription was performed with a high-capacity 

cDNA Reverse Transcription Kit (Applied Biosystems, 

Waltham, MA, USA) following the manufacturer’s 

protocol. Briefly, a total of 10 µL of RNA was used in 

20 µL of RT reaction mixture. The RT was performed 

at 25°C for 10 min, followed by 37°C for 2 h, and 

finally at 85°C for 5 min. 

PCR for amplification of the hex loop-1 gene of 

fowl adenovirus. A 590-bp region of the hexon gene 

was amplified by PCR to confirm the presence of viral 

DNA and for sequencing. One set of primers binding to 

the hex loop 1 (L1) gene was used to amplify L1.  

The primers were as follows: Hex L1-F  

5′-ATGGGAGCSACCTAYTTCGACAT-3′ (301–323) 

as the forward primer and Hex L1-R  

5′-AAATTGTCCCKRAANCCGATGTA-3′ (890–868) 

as the reverse primer (25, 30). The optimised PCR 

reaction consisted of a total volume of 25 µL of 

reaction mixture containing 2 µL (10 µM) of each 

forward and reverse primer, 12.5 µL of Maxima Hot 

Start PCR Master Mix (Thermo Scientific, Waltham, 

MA, USA), 4.5 µL of nuclease-free water, 2 µL of 

MgCl2, and 2 µL of DNA. Amplification was carried 

out in a Chromo4 thermal cycler (Bio-Rad, Hercules, 

CA, USA) under the protocol described previously 

(30). The reaction conditions were 10 min at 95°C for 

initial denaturation followed by 40 cycles of 

denaturation at 95°C for 15 s, annealing at 56°C for  

30 s, and extension at 72°C for 45 s, and a final 

extension at 72°C for 5 min. For all PCR reactions, 

positive and negative controls were included. A known 

positive field sample was used as the positive control, 

while nuclease-free water was included as the negative 

control in place of the DNA template. PCR products 

were analysed in Ultrapure 1.5% agarose gel 

(Invitrogen, Merelbeke, Belgium), containing SYBR 

Safe DNA gel nucleic acid stain (Thermo Fisher 
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Scientific, Tracy, CA) using 1 × TBE electrophoresis 

running buffer. Samples were also screened by PCR for 

the presence of infectious bronchitis virus, infectious 

bursal disease virus, avian metapneumovirus, and 

infectious laryngotracheitis virus as part of routine 

diagnostic work. 

Sequencing and phylogenetic analysis. 

Amplified PCR products from the liver samples 

belonging to two broiler flocks were sent for 

sequencing to a commercial company (MedSanTek, 

Turkey). Raw nucleotide sequences of the hexon genes 

of FAdV were edited, aligned, and used for 

phylogenetic analysis. The nucleotide sequences of the 

hexon genes were compared with the FAdV sequences 

data available in the National Centre for Biotechnology 

Information, and the phylogenetic relationship was 

established. All of the sequences were aligned using  

the CLUSTAL-W tool with MEGA7 software (9). 

Distance-based neighbour-joining trees were 

constructed by using the P-distance model (29). 

Turkish FAdV field strains were identical, and thus 

only one representative sequence was submitted to 

GenBank under the submission number MN052902. 

Results 

Clinical findings. The sudden onset of deaths, 

depression, huddling with ruffled feathers, lethargy, 

reduced feed intake, reduced weight gain, and lack of 

uniformity of the flock were prominent. Greenish 

diarrhoea was seen from some chicks (Fig. 1A). The 

mortality rate ranged from 10% to 14% and started at 

eight days of age in affected broiler flocks. The 

mortality peaked on the 16th day and gradually declined 

to normal by the 24th. 

Necropsy. At necropsy, birds showed severe 

hepatitis and jaundice. The livers were friable, 

enlarged, and pale yellow with multiple petechial 

haemorrhages and small white foci (Fig. 1B). In sudden 

death cases, haematoma was also observed on some 

livers (Fig. 1C). The kidneys were swollen and 

haemorrhagic (Fig. 1D). The spleens were slightly 

enlarged and had necrotic spots on their surface  

(Fig. 1E). Moreover, the pancreas was pale and swollen  

(Fig. 1F). 

PCR analysis, sequencing, and phylogeny. 

Amplification of the hexon gene fragment resulted in  

a 590 bp PCR product (Fig. 2). Results from the 

nucleotide BLAST for the sequences revealed 96%-

99.48% similarity with the genomic sequence of the 

FAdV isolates present in the BLAST database  

(BLAST, NCBI http://blast.ncbi.nlm.nih.gov/Blast.cgi.). 

Nucleotide sequences from the liver matched FAdV 

species E isolates of serotype FAdV 8b.  

 

 

 

 

Fig. 1. Gross lesions in eight-day-old broiler chicks. A – greenish diarrhoea; B and C – friable, enlarged, and pale yellow liver showing 

haematoma, miliary necrosis, and multiple petechial haemorrhages; D – swollen and haemorrhagic kidneys; E – enlarged spleen with necrotic 

spots; F – pale and swollen pancreases 
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The sequencing analysis of the partial hexon gene 

revealed the high similarity of the FAdV-E (FAdV-8b) 

strain characterised in this study to those from 

Indonesia, Canada, Peru, and China (MK692992, 

EF685489, KX755572, and KU981139), and its 

difference from Egyptian, Iranian, Lebanese, Pakistani, 

Austrian, Italian, Brazilian, and Australian strains 

reported to GenBank (Fig. 3). 

In this study, samples were also screened for the 

presence of possible mixed viral infections as part of 

routine diagnostic work using RT-PCR. However, none 

of the samples were found to be positive for the tested 

field viruses. 

  

Fig. 2. Molecular identification of inclusion body hepatitis 
virus (FAdV) by PCR. M – 100 bp molecular marker;, 1, 2, 

3 – liver samples;, NC – negative control;, PC – positive 

control 

 

Fig. 3. The phylogenetic relationship of hexon gene sequences of FAdV based on the neighbour-
joining method. Turkish strains obtained in the present study have been highlighted with black circles  
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Discussion 

Turkey has one of the largest poultry farming 

industries in the world. Intensive commercial farming 

and insufficient control measures have led to the 

emergence of new viral infections. Thus, epidemiologic 

research is very important for monitoring disease 

outbreaks and developing vaccines. FAdV infections 

have become a matter of great concern for poultry 

farmers worldwide (31). IBH not only causes mortality 

but can also lead to a drop in production, resulting in 

severe economic losses. Historically, IBH was first 

described in US American domestic chickens in 1963 

and then rapidly spread over the world (5, 34). A higher 

number of clinical cases of FAdV infection have been 

reported in recent years, and multiple FAdV strains 

have been isolated from sick animals in many countries 

(8, 14, 22, 23, 31). Unfortunately, there is no 

conclusive evidence or published data regarding FAdV 

in Turkish chickens. This reinforces the necessity of 

promoting molecular surveys on this emerging 

pathogen in broilers and the need to study its actual role 

in clinically overt situations. This study describes an 

outbreak of IBH in Turkish broiler flocks. 

In this study, high acute mortality (10%–14%) 

started at 8 days of age in affected broiler flocks. The 

mortality peaked on the 16th day and gradually declined 

to be normal again at 24 days of age. Although IBH can 

affect broilers of all ages, young chicks are found to be 

more susceptible during the first two weeks even when 

in immunologically intact. There is a clear age effect 

with avian adenoviruses, as the age of the host 

increases, the degree of multiplication of the viruses 

within the host is restricted and the mortality decreases 

(27). There was no accumulation of straw coloured 

fluid in the pericardial sac, indicating that there was no 

relation with HHS. This is most likely to be because of 

the different viral strains and serotypes of FAdV 

causing infection in this study, which is an explanation 

with precedents from other authors (14, 23, 26, 31). 

Mortality during IBH outbreaks is normally between 

2% and 10% of the flock, but up to 30% has been 

described in case of co-infection with other 

immunosuppressive causative agents (3, 31). As 

reported previously (1, 17, 23, 27, 31), typical necropsy 

observations such as an enlarged and pale liver, 

enlarged and haemorrhagic kidneys and spleen, and 

clinical findings were observed in the IBH cases of the 

present study. In addition, a pale and enlarged pancreas 

along with greenish diarrhoea were also observed in 

some chicks, as was also reported by others (1, 25). 

In the present study, phylogenetic analysis of the 

isolates revealed circulation of FadV species E and 

serotype 8b in Turkish broiler flocks. The sequences of 

FAdV-E obtained in this study shared 100% nucleotide 

identity with each other and between 96% and 99.48% 

identity with the previously published sequences  

from Indonesia, Canada, Peru, and China, suggesting  

 

potential virus transmission from these countries 

possibly via trades and primary breeders or breeder 

replacements. Turkish FAdV strains formed a different 

cluster with other FAdV strains reported so far in 

different countries of the world including Egypt (2019), 

Brazil (2018), Iran (2015), Italy (2007), Russia (1997), 

Pakistan (1989), and Australia (1986). FAdV-E has 

spread worldwide and been reported in Australia, 

Belgium, Canada, China, Egypt, France, Hungary, 

Italy, Malaysia, Mexico, New Zealand, Poland, and 

Spain and the USA (26, 31). IBH outbreaks have also 

been reported from countries neighbouring Turkey. 

Recently, FadV-D and FAdV-E were detected and 

characterised from IBH outbreaks in Egypt and Saudi 

Arabia (3, 26). FAdV-6 and FAdV-2 were detected 

from Saudi poultry flocks by Mohamed et al. (15). In 

Lebanon, FAdV-11 was found in commercial broiler 

flocks (32), and in Iran, two FAdV species D and E 

(FAdV-11, FAdV-8b) were linked with outbreaks of 

IBH (7, 16, 18). Similarly, an investigation of the 

outbreaks of IBH in Australia, South Africa, Austria, 

and Spain reported FAdV-8b or FAdV-11 in broiler 

flocks (10, 24, 30, 34). Also, an epidemiological 

investigation of outbreaks of FAdV in commercial 

chickens in Korea indicated that all FAdVs types 8b 

and 11 had relevance to IBH lesions (2). FAdVs 

associated with IBH outbreaks in Canada were 

genetically related to FAdV-2, FAdV-8b, and FAdV-11 

(4, 23). In Japan, FAdV-D (12) and in Slovenia,  

FAdV-E serotype 8b (35) were found to be the 

causative agent of IBH, and in Poland FAdV-7 caused 

IBH and was confirmed in broiler chickens (19). 

Immunosuppressive agents, such as infectious 

bursal disease virus (IBDV), chicken infectious 

anaemia virus (CIAV), and Marek’s disease virus 

(MDV) (20, 21) are predisposing factors to IBH 

outbreaks or can exacerbate clinical manifestations 

concurrently with FAdV infections (16). Studies in 

Canada, the United States, and New Zealand indicated 

that IBH occurred as a primary disease, without 

association with IBDV or CIAV (4, 23). 

In conclusion, the current study is the first report 

on the molecular characterisation of FAdVs in Turkish 

broilers. Our findings suggest that FAdVs could be 

emerging pathogens in Turkish poultry flocks and 

could cause severe hepatitis in young chicks. Further 

studies have to be performed to assess the prevalence 

and pathogenicity of serotypes of fowl adenoviruses 

and their association with other factors in poultry flocks 

in Turkey. Identification of FAdV serotypes is 

important in epidemiological studies of the disease 

outbreaks, the development of preventative measures, 

and the adoption of vaccination strategies. 
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